Effects of hemiplegy on pulmonary function and diaphragmatic dome displacement  by de Almeida, Izabella Cecília Lima et al.
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We  evaluated  the  diaphragmatic  excursion,  volumetric  measurement,  maximal  inspiratory  pressure
(PImax),  lung  function  tests  (forced  vital  capacity  – FVC,  forced  expiratory  volume  in  the  ﬁrst  second
–  FEV1,  mean  forced  expiratory  ﬂow  between  25 and  75%  of  the  FVC  maneuver  –  FEF25–75%, peak  expira-
tory  ﬂow  – PEF  and  maximal  voluntary  ventilation  – MVV),  displacement  of  the  domes  diaphragmatics
with  ultrasonography  and  inspiratory  capacity,  the  MAS  scale  (Motor  Assessment  Scale)  in 20  hemi-ltrasound
plegic  patients  volunteers  and  eight  controls.  In  right-side  hemiplegia,  movement  was  4.97  ±  0.78  cm  and
4.20 ±  1.45  cm  for the  right  and  left  domes  of  the diaphragm,  respectively,  whereas  these  values  were
4.42  ± 0.92  cm  and  4.66  ± 1.17  cm  in  left-side  hemiplegia.  PImax was  −48.75  ±  27.5  cmH2O in right-side
hemiplegic  patients  and  −74.17  ±  13.57  cmH2O in left-side  hemiplegic  patients.  Right-side  hemiplegia
exhibited  greater  impairment  of  the respiratory  muscles  than  left-side  hemiplegia  due  to  the  physiologic
positioning  of  the  domes  of  the  diaphragm  which  may  be  compromised  for  hemiplegia.. Introduction
Hemiplegia is the most common motor sequela of stroke and
requently involves the contralateral motor cortex or pyramidal
ract. Consequently, there are postural, muscle tonus and motor
ontrol abnormalities that compromise voluntary motor actions
nd trunk muscle synergy. Thus, coordination of respiratory mus-
le contractions may  be compromised and exercise performance
ffected (Butler, 2007; Classen et al., 1997; Haouzi et al., 2007;
oward et al., 2001; Laghi and Tobin, 2003; McKay et al., 2003;
elles et al., 1999; Polkey et al., 1999).
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A number of studies report reduced diaphragmatic excursion
on the affected side and alterations using different methodolo-
gies are described. Lanini et al. using plethysmography, reported
decreased respiratory movement on the affected hemithorax dur-
ing voluntary hyperventilation when compared with spontaneous
breathing, in addition to observing decreases in maximal respira-
tory pressures in stroke patients. Scott et al., using ultrasonography,
reported reduced bilateral excursion of the diaphragm in the ﬁrst
72 h after acute stroke. Cohen et al., using ultrasonography, found
a signiﬁcant decrease in diaphragmatic excursion during volitional
breathing compared with automatic breathing on the affected side
in four of eight hemiplegic patients.
Studies employing ﬂuoroscopic and ultrasound measurements
report a reduction in ﬂow volume and diaphragm movement on the
cranial-caudal axis during voluntary breathing. In some patients,
thoracic radiographs reveal an elevated diaphragmatic dome on
the affected side. However, a number of studies have reported non-
signiﬁcant alterations (Freeman et al., 2006; Houston et al., 1995a;
Laghi and Tobin, 2003; Lanini et al., 2003; Lee et al., 1974; McMahon
and Heyman, 1974; Teitelbaum et al., 1993).
Open access under the Elsevier OA license.Khedr et al. report decreased diaphragmatic excursion in 41% of
patients and reduced forced vital capacity (FVC), forced expiratory
volume in the ﬁrst second (FEV1) and peak expiratory ﬂow (PEF)
by as much as 50% of values predicted for unaffected individuals,
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an analog manovacuometer (Marshal Town) with a mouthpiece
and nose clip the best of three maneuvers expressed in centimeters
of water (cmH2O), was  chosen for analysis.I.C.L. de Almeida et al. / Respiratory Phy
n addition to changes in breathing pattern and concentration of
rterial blood gases.
Garcia-Pachón et al. (1994) and Lee et al. (1974) described elec-
romyographic abnormalities in thoracic cage muscles as well as
eductions in diaphragmatic excursion and thoracic movements
uring voluntary respiratory movements.
However, we found no literature studies that compare the
iaphragmatic cupula movement separately and clinical conse-
uences for stroke patients. Accordingly, the aim of this study was
o assess the speciﬁc repercussions of right and left-side hemiple-
ia on lung function and diaphragmatic dome movement through
ltrasound evaluation of dome excursion on the paralyzed side on
he cranial-caudal axis as well as conduct spirometric assessment
f lung volume and capacity.
. Methodology
.1. Sample
Patients were evaluated between July and December 2007. The
roject was approved by the institutional research ethics commit-
ee. All participants were informed about study procedures and
ave their written consent.
Control group volunteers were selected based on the following
riteria: no history of smoking; no previous lung, kidney, endocrine,
rthopedic or rheumatologic disease or spinal deformities that
ompromised respiratory system mechanics; not having under-
one a respiratory exercise program in the previous six months;
nd not having been submitted to abdominal surgery in the previ-
us four weeks. The selection of hemiplegic volunteers was  based
n the same criteria and included the presence of hemiplegia
econdary to cerebrovascular disease, with impairment of one of
he cerebral hemispheres (determined by computed tomography),
ith muscle hypertonia on the affected side and sufﬁcient cognitive
evel to understand verbal commands and perform the voluntary
espiratory movements requested. Volunteers unable to perform
he required movements, those with muscle hypotonia or in the
cute stroke phase, subjects with emotional liability that would
ffect movement performance and individuals with facial paraly-
is were excluded from the study. Patients with hemiplegia were
istributed into two groups: patients with right-side hemiplegia
nd patients with left-side hemiplegia. All patients were at more
han 24 months post-stroke. Lung function tests, diaphragmatic
xcursion, volumetric measurement, maximal inspiratory pres-
ure and quantiﬁcation of motor function were evaluated in this
rder.
.2. Methods and techniques
.2.1. Lung function tests
Spirometry (Vitalograph 2010 spirometer) was performed in
ompliance with ATS/ERS (2005).  The following parameters were
ssessed during the test: forced vital capacity (FVC), forced expira-
ory volume in the ﬁrst second (FEV1), mean forced expiratory ﬂow
etween 25 and 75% of the FVC maneuver (FEF25–75%), peak expira-
ory ﬂow (PEF) and maximal voluntary ventilation (MVV). The ﬁrst
wo parameters are expressed in liters per second (l/s) and the last
hree in liters per minute (l/min). A previously calibrated spirom-
ter was used in the evaluations. Assessment of spirometry was
erformed with patients in the sitting position.
.2.2. Diaphragmatic excursion and volumetric measurement
Assessment of diaphragmatic excursion on the cranial-caudal
xis was performed using ultrasound in M mode (format that
iews the movement in a window of time) using the LOGIQTM
00 Pro (Siemens) model C36 and convex transducer (FOV: 68X,Fig. 1. Positioning of the ultrasound transducer on the abdominal wall directly
below the ribs for visualization of diaphragm movement on the cranial-caudal axis.
A: Diaphragm, B: Anterior Thoracic Wall and C: ultrasound transducer head.
ROC: 50 mm),  with variable frequency between 3.5 and 5.0 MHz
depending on the depth of the structure for best image visualiza-
tion. For this assessment, the volunteer remained in the supine
position, with a ten-degree inclination of the upper part of the
body. The movement of each hemidiaphragm was  measured in
centimeters on the cranial-caudal axis, starting with the condition
of functional residual capacity until reaching total lung capacity.
Inspiratory capacity was  measured simultaneously on an ana-
log ventilometer (Wright–Ferraris), using a mouthpiece and nose
clip. To obtain the image, the transducer was positioned on the
abdominal wall just below the ribs between the mid  axillary line
and the mammillary line, forming a 45-degree angle between the
transducer and the surface of the abdominal wall in the cephalic
direction (Cohen et al., 1994a; Houston et al., 1994), as shown in
Fig. 1.
Thus, a hyperechoic chamber was viewed between the lung and
the liver, the reference point being the intrahepatic branches of
the portal vein and their movement (Fig. 2). Three maneuvers were
performed, with the largest centimeter values chosen and the mean
of these values determined. There was a 2 min interval between
measurements. All volumetric measurements were performed in
compliance with American Thoracic Society Guidelines (2002).
2.2.3. Measurement of maximal inspiratory pressure (PImax)
Assessment of PImax followed ATS/ERS (2002) guidelines. UsingFig. 2. Ultrasound image of the diaphragm in the condition of total lung capacity
(TLC). On the left: liver and central branch of the portal vein, indicated by the A arrow.
On  the right the measurement of diaphragm movement on the cranial-caudal axis
beginning with residual volume (B arrow) and reaching TLC (C arrow).
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Table 1
Anthropometric and spirometric data on control, right-side hemiplegia and left-side
hemiplegia. The spirometric data is expressed in percentage of predicted values:
Forced Vital Capacity (FVC); Forced Expiratory Volume in the First Second (FEV1);
Forced Expiratory Flow between 25 and 75% of FVC (FEF25–75%); Peak Expiratory Flow
(PEF); Maximal Voluntary Ventilation (MVV). The Motor Assessment Scale (MAS)
is  expressed as percentage of motor function achieved and the time of stroke is
expressed in months. The asterisk shows values with statistical signiﬁcance.
Control Right-Side
Hemiplegia
Left-Side
Hemiplegia
N 8 8 12
Age  (years) 52.12 ± 7.28 51.25 ± 13.8 55.33 ± 9.57
Height (m)  1.60 ± 0.09 1.59 ± 0.12 1.59 ± 0.12
Weight (kg) 73.05 ± 18.09 63.50 ± 15.35 75.50 ± 18.97
BMI  24.67 ± 5.75 24.67 ± 5.75 29.38 ± 5.71
FVC  (% predicted) 87 ± 14 74 ± 17 94 ± 20
FEV1 (% predicted) 99 ± 10 75 ± 14 107 ± 24
FEF25–75% (% predicted) 99 ± 27 62* ± 16 114 ± 41
PFE (% predicted) 84 ± 15 35** ± 7 75 ± 23
MVV  (% predicted) 99 ± 10 65 ± 21 107 ± 24
MAS – 29.25 ± 10.66 30.5 ± 9.33
Months – 30.83 ± 3.31 31.58 ± 4.99
ANOVA test.
* p = 0.04 (difference between the group with hemiplegia on the right side towards
the  left hemiplegic).
** p = 0.02 (difference between the group with hemiplegia on the right side towards
the  left side hemiplegic and hemiplegic on the right side in the control).
Table 2
Data on movement of the right and left domes of the diaphragm and inspiratory
capacity (IC) in the control, right-side hemiplegia and left-side hemiplegia groups.
Group Dome Movement (cm) IC (L)
Control
Right 5.48 ± 0.95
2.79 ± 0.76Left 5.46 ± 0.96
Right-side hemiplegia
Right 4.97 ± 0.78
2.86 ± 0.55Left 4.20 ± 1.45*
Left-side hemiplegia
Right 4.42 ± 0.92
2.43 ± 0.75Left 4.66 ± 1.17
PEF values were lower in right hemiplegic group when compared
to the control group (p = 0.01 and p = 0.009, respectively). Intra-
group analysis revealed a positive correlation among hemiplegic98 I.C.L. de Almeida et al. / Respiratory Phy
.2.4. Quantiﬁcation of motor function
The Motor Assessment Scale (MAS) was used to evaluate motor
unction in the hemiplegic individuals. This scale consists of eight
tems on different motor functions and one item on muscle tonus.
ach item is scored from 0 to 6 points based on performance. The
otor function tests assess performance in the supine to lateral
ecubitus position, supine position to sitting on the side of the
ed, seated balance, gait, lower limb function, hand movements,
dvanced manual activities and general tonus. The items reﬂect
he degree of compromised motor function, including trunk con-
rol and function of the affected limbs, except the last item, which
ndicates muscle tonus. The maximum score is 54 points. The score
s expressed as the percentage of the maximum expected score and
ndicates the percentage of motor function achieved by each patient
Carr et al., 1985).
.3. Statistical analysis
The Shapiro–Wilk test was applied to test the normality
ssumption of the analyzed variables and Bartlett’s test was used
o test the supposition of homogeneity. The Student’s t-test was
sed to analyze variables with normal distribution in between-
roup comparisons (hemiplegics and control). In comparisons
mong more than two groups, analysis of variance (ANOVA) and
ukey’s post hoc test were used to determine signiﬁcant differ-
nces. The chi-square proportion test was used for comparative
nalysis between qualitative variables. Pearson’s linear correlation
oefﬁcient was used in correlation analysis. Results are expressed
s mean ± standard deviation, with a 95% conﬁdence interval.
. Results
Of the 34 individuals evaluated, 20 were hemiplegic and 14
ere from the control group. Three control group participants con-
racted inﬂuenza and were excluded and three dropped out of
he study. Thus, the overall sample contained eight control group
olunteers (ﬁve men  and three women), eight individuals with
ight-side hemiplegia (four men  and four women) and twelve with
eft-side hemiplegia (four men  and eight women). Hemiplegia was
econdary to cerebral lesions with a medical diagnosis of either
nfarction or intracerebral hemorrhage compromising middle cere-
ral artery territory (one patient in each hemiplegic group had
uffered a hemorrhagic event). All hemiplegic patients had reports
f initial sudden motor deﬁcit at stroke diagnosis, which persisted
ntil evaluations.
Table 1 displays patient distribution in relation to anthropo-
etric, spirometric and MAS  data. Table 2 shows that only the
roup with right-side hemiplegia had greater movement of the
ight dome than the left dome (p = 0.02). There were no statistically
igniﬁcant differences among the three groups in diaphragmatic
ovements of the right or left domes.
There were also no differences in inspiratory capacity among the
hree groups. PImax was lower in the group with right-side hemi-
legia when compared to the control group (p = 0.04). These data
re illustrated in Fig. 3.
The movement of the left dome shows a strong positive correla-
ion with inspiratory capacity in both groups of hemiplegic patients
R2 = 0.79, p = 0.01 for right-side hemiplegia; R2 = 0.61, p = 0.03 for
eft-side hemiplegia) (Fig. 4). PImax had a negative correlation with
ovement of the left dome in the group with left-side hemiplegia
R2 = −0.95, p = 0.002).
Pulmonary function values of just six patients with left-side
emiplegic and four patients with right-side hemiplegia were con-
idered, as the remaining patients were unable to perform the
ecessary FVC maneuver (six patients were unable to cover thet-Test.
* p = 0.02.
mouthpiece with their lips and the others did not understand the
command). The MAS  score was 29.25 ± 10.66 for those with right-
side hemiplegia and 30.5 ± 9.33 for those with left-side hemiplegia
and all hemiplegic patients presented with hypertonicity tonus.
FEV1 values were lower in the group with right-side hemiplegia
than the group with left-side hemiplegia (p = 0.02). FEF25–75% andFig. 3. Comparison of maximal inspiratory pressure for the three groups.
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Fig. 4. A: Correlation between left diaphragmatic dome movement and inspira-
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tory capacity in the group with right-side hemiplegia. B: Correlation between left
iaphragmatic dome movement inspiratory capacity in the group with left-side
emiplegia.
atients between movement of the left dome and FEF25–75% and PEF
R2 = 0.68, p = 0.04 and R2 = 0.75, p = 0.002, respectively), as shown
ig. 5.
. Discussion
.1. Diaphragm movement
In the present study, individuals with left-side hemiplegia
xhibited no differences in diaphragm movement between the
ffected and the unaffected sides, whereas those with right-side
emiplegia displayed greater movement on the affected side.
ohen et al. (1994a,b).  Report that four of eight patients studied
xhibited reduced diaphragmatic excursion on the paralyzed side.
hedr et al. (2000) found reduced diaphragmatic excursion on the
ffected side in just 41% of patients. The author also states that this
eduction was associated to moderate to severe dysfunction of the
espiratory system. This was not observed in our study patients.
Toledo et al. (2006) report that the right dome in normal indi-
iduals is in a higher position (close to an intercostal space) than
he left dome and exhibits greater movement in approximately
0% of these individuals. This situation is intensiﬁed in individu-
ls over 40 years of age, which was the case in the present sample.
hedr et al. (2000) and Cohen et al. (1994a,b) state that, radiolog-
cally, the hemidiaphragm on the paralyzed side is more elevated
han the healthy side. The diaphragm is known to assume an either
ephalic or caudal position, depending on thoracic and abdominal
onditions. This may  explain why the paralyzed hemidiaphragm
as greater downward freedom during maximum inspiration.
In a hemiplegic individual with right side impairment, the
ight dome of the diaphragm is even more elevated than the left
ome. Moreover, there are kinetic disturbances in the thoracic cage
aused by a deﬁcit in the ability to generate force and oblique
bdominal muscles (compromising lower rib stability), paraster-
al intercostal muscles, outer intercostals muscles (compromising
horacic expansibility) and scalene muscles (hindering elevationFig. 5. A: Correlation between FEF25–75% and left diaphragmatic dome movement. B:
Correlation between PEF and left diaphragmatic dome movement, both in patients
with hemiplegia.
and forward expansion of the rib cage) (Teixeira-Salmela et al.,
1999). Additionally, there are also reports of the participation of
the more caudal intercostal parasternal muscles in posture main-
tenance (Gandevia et al., 2006).
Houston et al. (1995a,b) report that paralysis and paresis
interfere with movement of the hemidiaphragm with a pos-
sible reduction or absence of paradoxical movement in the
affected cupulae affected. However, this paradoxical movement
was  observed in ﬂuoroscopic examinations in only 6% of nor-
mal  individuals (Alexander, 1966). This may explain the increased
mobility in the impaired cupulae of subjects with right hemiple-
gia, interpreted as a paradoxical motion. Moreover, Cohen et al.
(1994a,b), in their study on the relationship between volume and
displacement of the right diaphragm, described best observation
of the hemidiaphragm due to the acoustic window created by the
liver, while the left cupulae contrast with the air found in the
stomach, possibly limiting observation of diaphragmatic motion.
In another study, Cohen et al. (1994a,b),  reported that 50% of their
sample shows a reduced diaphragmatic motion on the paretic side,
while the other half remained unchanged. The projections of these
ﬁbers are contralateral, but there is evidence of other ipsilateral
projections of corticospinal ﬁbers, which could explain the non-
difference in cupula mobility in individuals with left hemiplegia.
Thus, altered mobility cannot be attributed only to damaged ﬁbers
on the stroke side, since there is evidence of other pathways. It is
important to emphasize that the supine position eliminates pos-
tural control exercised by the portion of the crural diaphragm,
allowing greater freedom of movement and best viewed with the
ultrasound technique chosen.
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.2. Inspiratory muscle strength
PImax was lower in the hemiplegic individuals, but this differ-
nce was only statistically signiﬁcant in the controls with right-side
emiplegia. In a study carried out on dogs with unilateral diaphrag-
atic paralysis, Scillia et al. (2004) found that the direction of the
ovement of the paralyzed diaphragm dome is determined by
he balance between the variation in interpleural pressure devel-
ped by the other intact muscles and the degree of shortening of
he contralateral dome. The authors state that this model can be
sed in human beings. However, the central tendon of the human
iaphragm is closely linked to mediastinal structures and it is there-
ore expected that a contraction of the healthy hemidiaphragm
nduces additional shortening of the paretic hemidiaphragm
hrough the central tendon. In the case of right-side hemiplegia, the
eft dome and all the intercostal, parasternal and scalene muscles
eed to develop sufﬁcient tension to induce diaphragm movement
n the paralyzed side. This is hampered by the more elevated phys-
ologic position of the right dome as well as elevation caused by the
aresis present in hemiplegia (Cohen et al., 1994a,b; Khedr et al.,
000).
.3. Spirometric data
The hemiplegic individuals in the present study exhibited no
igniﬁcant reduction in FVC or MVV  when compared to the control
roup. This may  be partially attributed to the distribution of the
eural drive to parasternal intercostal muscles (especially those
n a more rostral position). This offers an important mechanical
dvantage to inspiration, as well as to the sitting position during
his evaluation, masking the resulting lack of physiological visceral
ompression. Another possible explanation would be the various
orms of cerebral lesions in the affected hemisphere, as they prob-
bly affect diaphragmatic corticospinal projections differently in
ach patient (Gandevia et al., 2006). Laghi and Tobin (2003) report
hat the ipsilateral projection of corticospinal ﬁbers may  be more
igniﬁcant in some patients, however, this aspect was not analyzed
n our study.
A  reduction in FEV1, PEF and FEF25–75% was found in the hemi-
legic individuals. However, as there was no clinical or spirometric
vidence of airﬂow obstruction, respiratory infection or direct
esions in the abdominal muscles, this may  be attributed to expi-
atory and abdominal muscle weakness, which also compromises
runk motor control. Additionally the MAS  scale reﬂects motor
unction commitment before the implementation of voluntary
otor activities, by measuring trunk control, balance, walking and
uscle tone, among others (Carr et al., 1985).
.4. Study limitations
One of limitation of this study was the small number of patients
ecruited. This was due to difﬁculties in selecting patients who met
ligibility criteria, which included hemiplegia without any of the
ollowing conditions: non-comprehension of commands, inability
o perform ventilometric and spirometric tests, weak trunk con-
rol, hindering the postures requested in the evaluation, history of
moking or heterogeneous lesions of the CNS.
Another limitation is that the supine position eliminates the
ostural control exercised by the portion of the crural diaphragm,
llowing greater freedom of movement, while spirometric mea-
urements could not be taken in this position because they are not
n accordance with ATS norms.
It is very important to consider that the BMI in patients with
eft-side hemiplegia was greater than in patients with right-side
emiplegia. However, obesity (BMI greater than 30) leads to signif-y & Neurobiology 178 (2011) 196– 201
icant reductions in spirometric parameters, a fact not observed in
the sample with left-side hemiplegia.
5. Conclusion
Given the physiologic position of the diaphragm domes and the
entire affected musculature on the paralyzed side, right-side hemi-
plegia suggests greater impairment of the respiratory system when
compared to left-side hemiplegia. However, we observed that the
respiratory system is able to compensate for small changes in
diaphragmatic mobility in order to maintain ventilation, evidenced
by normal vital capacity data. Low PEF and FEF25–75% reﬂects trunk
muscle dysfunction and, regardless of compromised cupulae, hemi-
plegic patients suffer from reduced cough effectiveness. This has a
direct effect on mucociliary clearance, predisposing these individ-
uals to respiratory tract infections, as well as increased morbidity,
mortality and hospitalizations.
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